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Description 

Production of Paper and Paper Board 

5 This Invention relates to the production of paper and paper board from a thin stock (a diluted aqueous 
suspension) of cellulose fibres and optionally filler on paper making apparatus in which the thin stock is 
passed through one or more shear stages such as cleaning, mixing and pumping stages and the resultant 
suspension Is drained through a wire to form a sheet, which is then dried. The thin stock is generally 
made by dilution of a thick stock that is formed earlier in the process. The drainage to form the sheet may 

10 be downwards under gravity or may be upwards, and the screen through which drainage occurs may be 
flat or curved, e.g., cylindrical. 

The stock is inevitably subjected to agitation throughout its flow along the apparatus. Some of the agi- 
tation Is gentle but some is strong as a result of passage through one or more of the shear stages. In 
particular, passage of the stock through a centriscreen inevitably subjects the stock to very high 

15 shear. The centriscreen is the name given to various centrifugal cleaner devices that are used on paper 
machines to remove coarse solid impurities, such as large fibre bundles, from the stock prior to sheet 
formation. It is sometimes known as the selectifier. Other stages that apply shear Include centrifugal 
pumping and mixing apparatus such as conventional mixing pumps and fan pumps (i.e., centrifugal pumps). 
It is common to include various inorganic materials, such as bentonite and alum, and/or organic materi- 

20 als, such as various natural or modified natural or synthetic polymers, in the thin stock for the purpose 
of improving the process. Such materials can be added for diverse purposes such as pitch control, de- 
colouration of the drainage water (JP 598 291) or for facilitating release from drying rolls (JP 5 059 505). 
Starch is often included to Improve strength. 
Process improvement is particularly desired In retention, drainage and drying (or dewatering) and in 

25 the formation (or structure) properties of the final paper sheet Some of these parameters are in conflict 
with each other. For instance if the fibres are flocculated effectively into conventional, relatively large, 
floes then this may trap the fibre fines and filler very successfully, so as to give good retention, and 
may result in a porous structure so as to give good drainage. However the porosity and large floe size 
may result in rather poor formation, and the large fibre floes may tend to hold water during the later stag- 

30 es of drying such that the drying properties are poor. This will necessitate the use of excessive amounts 
of thermal energy to dry the final sheet If the fibres are flocculated into smaller and tighter floes then 
drainage will be less satisfactory and retention usually will be less satisfactory, but drying and formation 
will be improved. 

Conventional practice therefore has resulted in the paper maker selecting his additives according to 
35 the parameters that he judges to be the most important If. for example, increased filler retention is more 
important to the papermaker than increased production he is more likely to use a polyacryiamlde or other 
very high molecular weight flocculant If increased production is more important than increased reten- 
tion then a coagulant such as aluminium sulphate is more likely to be chosen. Impurities in the stock cre- 
ate additional problems and necessitate the use of particular additives. 
40 It is known to include in the stock both an inorganic additive and an organic polymeric material, for the 
purpose of improving retention, drainage, drying and/or formation. 

In DE 2 262 906 1 to 10% bentonite and/or 0.5 to 3% aluminium sulphate is added to the stock, followed 
by 0.02 to 0.2% of a cationic polymer such as polyethylene imine, so as to improve dewatering even in 
the presence of impurities in the stock. (In this specification all percentages are dry weight based on the 
45 dry weight of the stock, unless otherwise stated.) 

In U.S. 2 368 635 bentonite is added to the stock and may be followed by aluminium sulphate or other 
acidifying substance. In U.S. 3 433 704 attapulgite is added and alum and/or auxiliary filler retention ma- 
terial can be incorporated. In G.B. 1 265 496 a stock containing alum and pigmentary clay is formed and 
cationic polymer is added. 

50 In U.S. 3 052 595 mineral filler, polyacrylamide and 1 to 20% bentonite, by weight based on the weight 
of fifler, are incorporated In the stock. It is stated that the polymer could be added to the stock either be- 
fore or after the addition of fillers but the preferred process involves adding the bentonite to a stock 
containing the remainder of the fillers and the fibres, and then adding the polymer. In each instance the 
polymer used in this process is substantially non-ionic polyacrylamide. In EP 17 353 unfilled paper is 

55 made from crude pulp by adding bentonite to the stock followed by substantially non-ionic polyacrylamide. 
Fl 67 735 describes a process in which a cationic polymer and an anionic component are included in 
the stock to improve retention and the resultant sheet is sized. It is stated that the cationic and anionic 
components can be pre-mixed but preferably the anionic component Is first added to the stock followed 
by the cationic, or they are added separately at the same place. The stock is agitated during the addition. 

60 It Is stated that the amount of cationic is 0.01 to 2% preferably 0.2 to 0.9% and the amount of anionic Is 
0.01 to 0.6% preferably 0.1 to 0.5%. The cationic retention aid is said to be selected from cationic starch 
and cationic polyacrylamide or certain other synthetic polymers while the anionic component is said to be 
polysiliclc acid, bentonite, carboxymethyl cellulose or anionic synthetic polymer. In the examples the ani- 
onic component is colloidal silicic acid in an amount of 0.15% and the cationic component is cationic starch 

65 in an amount of 0.3 or 0.35% and is added after the colloidal silicic acid. 
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F! 67736 describes a process in which the same chemical types of materials are used as In Fi 67735 
but the size is added to the stock. It is again stated to be preferred to add the anionic component before 
the cationic component or to add both components at the same place (while maintaining the stock ade- 
quately agitated). However it is also stated that when synthetic polymer alone is used as the retention aid 

5 (i.e., presumably meaning a combination of synthetic cationic polymer and synthetic anionic polymer) it is 
advantageous to add the cationic before the anionic. Most of the examples are laboratory examples and 
show adding 0.15% colloidal silica sol to relatively thick stock, followed by 1 to 2% cationic starch fol- 
lowed by a further 0.15% colloidal silica sol. In one example the 1-2% cationic starch is replaced by 
0.025% cationic polyacrylamkJe and is added after part of the colloidal silica. In the only example of an 

10 actual production process, the cationic starch, filler and some anionic silica sol are all mixed into thick 
stock at the same place and the remainder of the silica sol is added later, but the precise points of addi- 
tion, and the intervening process steps, are not stated. 

Arledter In Papier, Volume 29, number 10a, October 1975, pages 32 to 43, especially page 36, exam- 
ined possible synergistic combinations of additives for cellulosic suspensions. He showed that when us- 

15 ing a combination of 0.005% polyethylene oxide of very high molecular weight and 0.12% melamine formal- 
dehyde resin, retention was improved only slightly if they were both added at the chest (early in the proc- 
ess), retention was improved if the melamine formaldehyde was added at the head box (near the end of 
the process) whilst the other polymer was still added at the chest, but best results were achieved when 
both polymers were added at the head box. Thus best results were obtained when no shear was applied 

20 after flocculatlon. 

Auhom in Wochenblatt Fur Papierfabrikation, Volume 13, 1979, pages 493 to 502, especially page 
500, showed the use of bentonite in combination with 0.3% cationic polyelectrolyte. It appears that the 
bentonite absorbed impurities from the suspension prior to the addition of the polyelectrolyte. Chalk was 
said to behave in a similar manner. In a paper presented by Auhom to the Wet End Paper Technology 

25 Symposium, Munich, 17th to 19th March 1981 he showed that applying shear to the aqueous suspension 
after the addition of polymeric retention aid gave a serious decrease in retention properties. He also ex- 
amined the effect of adding bentonite to the suspension and then adding 0.04% cationic polymer before 
or after the selectifier (a form of centriscreen). He demonstrated that greatly improved retention was 
obtained when the polymer was added after the selectifier (i.e., after the shearing) than before. 

30 Tanaka in Tappi, April 1 982, Volume 65, No.4, pages 95 to 99, especially page 98, indicated that when 
making paper filled with day there was slightly better retention of day when the clay was added after the 
polymer than before but warned that the system is highly shear sensitive. 

Waech in Tappi Journal, March 1983, pages 137 to 139 showed that when making paper filled with kaolin 
clay using a synthetic cationic polymeric retention aid retention is significantly improved if all the kaolin 

35 is added after the retention aid instead of before. Waech also showed that retention is improved less if 
the retention aid Is added before the fan pump. 

Luner in Tappi Proceedings, 1984 Paper Makers Conference, pages 95 to 106, confirmed these re- 
sults and suggested that they were due to the pulp being positively charged by the cationic polymer be- 
fore the addition of anionic day, and dearly demonstrated that although the process gave improved re- 

40 tention it gave markedly reduced burst strength, compared to a process in which the day is added be- 
fore the retention aid. 

The late addition of all the clay filler incurs other disadvantages.lt would be very difficult in practice 
to operate this In a controlled manner because of the variable filler content of the recyded pulp that is 
used in many mills to supply part at least of the initial fibre pulp. It would be difficult or impossible to adapt 
45 paper mills to allow for the uniform addition of large amounts of filler at a late stage. Finally, these proc- 
esses are of course inappropriate when no significant amount of filler is to be incorporated into the sus- 
pension, e.g., for unfilled papers. 

In practice therefore whenever a synthetic polymeric retention aid is tnduded in the stock It is always 
added after the last point of high shear so as to avoid the dramatic loss of retention that is accepted as 
50 inevitable if the flocculated system is sheared and that is shown, as mentioned above, by Auhom. In par- 
ticular, the synthetic polymeric retention aid is always added after the centriscreen. 

In many of these processes a starch, often a cationic starch, is also included in the suspension in or- 
der to improve the burst strength. Whereas cationic synthetic polymeric retention aids are substantially 
Gnear molecules of relatively high charge density, cationic starch is a globular molecule having relatively 
55 low charge density. 

A process that is apparently intended to obtain both good strength properties and satisfactory reten- 
tion properties is described in U.S. 4 388 150 and uses colloidal silicic add and cationic starch. It is said 
that the components may be pre-mixed and then added to the stock but that preferably the mixing is con- 
ducted in the presence of the stock. It is said that the best results are obtained if the colloidal sliidc add 

60 is mixed into the stock and the cationic starch is then added. It appears that a binder complex is formed 
between the colloidal silicic add and the cationic starch and it is said that results improve as the Zeta po- 
tential in the initial anionic stock moves towards zero. This suggests that the binder complex is intended 
to have some coagulation effect upon the stock. 
A process has been commercialised by the assignees of U.S. 4 388 150 under the trade name Compo- 

65 zil. The trade literature on this states that the system Is an advantage over "two component systems con- 
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taining long-chain linear polymers" and further states that the anionic colloidal silica Is "the unique part 
of the system", is "not a silica pigment", and "acts to agglomerate the fines, filler and fibre already treat- 
ed with the cationic starch". The system Is also described in Paper, 9th September 1985 pages 18 to 20 
and again it Is stated that the anionic silica add is a colloidal solution that gives the system its unique 
5 properties. 

Although the system can, in some processes, give a good combination of strength and process per* 
formance it suffers from a number of disadvantages. The colloidal silica, that is essential, is very expen- 
sive. The cationic starch has to be used in very large quantities. For instance the examples in U.S. 
4 388 150 show that the amount of cationic starch and colloidal silica that are added to the stock can be 

10 as high as 15% combined dry solids based on the weight of clay (clay is usually present in an amount of 
about 20% by weight of the total solids in the stock). Further, the system is only successful at a very 
narrow range of pH values, and so cannot be used in many paper making processes. 

W086/05826 was published after the priority date of the present application and recognises the exist- 
ence of some of these problems, and in particular modified the silica sol in an attempt to make the system 

15 satisfactory at a wider range of pH values. Whereas Fl 67736 describes, inter alia, the use of bentonite 
or colloidal silica In combination with, e.g., cationic potyacrytamide and exemplified adding the cationic 
polyacrylamide with agitation followed by addition of some of the colloidal silica sol, in W086/05826 the 
colloidal silica sol is modified. In particular cationic polyacrylamide is used in combination with a sol of col- 
loidal particles having at least one surface layer of aluminium silicate or aluminium-modified silicic acid 

20 such that the surface groups of the particles contain silicon atoms and aluminium atoms in a ratio of from 
9.5:0.5 to 7.5:2.5. The ratio of 7.5:2.5 is achieved by making aluminium silicate by precipitation of water 
glass with sodium aluminate. It is stated that the colloidal sol particles should have a size of less than 
20nm and is obtained by precipitation of water glass with sodium aluminate or by modifying the surface of 
a silicic add so) with aluminate ions. We believe that the resultant sol is, like the starting silidc add sol, a 

25 relatively low viscosity fluid in contrast to the relatively thixotropic and pasty consistency generated by 
the use of bentonite as proposed in Fl 67736. 

No detailed description is given as to the process conditions that should be used for adding the poly- 
mer and the sol and so presumably any of the orders of addition described in U.S. 4 388 150 are suitable. 
Improved retention compared to, for instance, the use of a system comprising bentonite sold under the 

30 trade name "Organosorb" in W086/05826 is demonstrated, as are improved results at a range of pH val- 
ues, but the necessity to start with colloidal silica and then modify it is a serious cost disadvantage. 

The use of cationic polymer in the presence of synthetic sodium aluminium silicate has been described 
by Pummer in Das Papier, 27, volume 10, 1973 pages 417 to 422, espedally 421. 
It would be desirable to be able to devise a dewatering process for the manufacture of both filled and 

35 unfilled papers that can have good burst strength and, in particular, to devise such a process that has 
dewatering performance (retention, drainage and/or drying) and formation properties as good as or 
preferably better than the Compozil system or the system of U.S. 4 388 150 whilst avoiding the need to 
use expensive materials such as colloidal silicic add or large amounts of cationic starch, and which does 
not suffer from the pH restrictions inherent in the Compozil process. 

40 . According to the invention paper or paper board is made by forming an aqueous ceilulosic suspen- 
sion, passing the suspension through one or more shear stages selected from cleaning, mixing and pump- 
ing stages, draining the suspension to form a sheet and drying the sheet and the suspension that is 
drained indudes organic polymeric material and inorganic material, characterised In that the inorganic 
material comprises bentonite which is added to the suspension after one of the said shear stages, and 

45 the organic polymeric material comprises a substantially linear, synthetic, cationic polymer having molec- 
ular weight above 500,000 which is added to the suspension before that shear stage in an amount of at 
least about 0.03% by weight based on the dry weight of the suspension and which is such that floes are 
formed by the said addition of the polymer and the said floes are broken by the shearing to form micro- 
flocs that resist further degradation by the shearing and that carry suffident cationic charge to interact 

50 with the bentonite to give better retention than is obtainable when adding the polymer alone after the last 
point of high shear. 

The process of the invention can give an improved combination of drainage, retention, drying and for- 
mation properties, and it can be used to make a wide range of papers of good formation and strength at 
high rates of drainage and with good retention. The process can be operated to give a surprisingly good 

55 combination of high retention with good formation. Because of the good combination of drainage and dry- 
ing it is possible to operate the process at high rates of production and with lower vacuum and/or drying 
energy than is normally required for papers having good formation. The process can be operated suc- 
cessfully at a wide range of pH values and with a wide variety of ceilulosic stocks and pigments. Al- 
though it is essential in the invention to use more synthetic polymer than has conventionally been used 

60 as a polymeric retention aid the amounts of additives are very much less than the amounts used in, for in- 
stance, the Compozil process and the process does not necessitate the use of expensive anionic compo- 
nents such as colloidal silica or modified colloidal silica. 

Whereas it is stated in the Compozil literature to be essential to use anionic colloidal silica, and where- 
as we confirm below that the replacement of colloidal silica by bentonite when using cationic starch does 

65 give inferior results, in the invention the use of bentonite gives improved results. Whereas the Compo- 
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zil literature says that there Is an advantage in that process over processes using long chain linear poly- 
mers, in the invention such polymers must be used and give improved results. 

Conventional practice, for instance as metioned by Auhorn, has established that retention is worse if 
the flocculated stock is subjected to shear before dewatering. In the invention however we subject the 

5 flocculated stock to shear and preferably we subject it to the very high shear that prevails in the cen- 
triscreen. Whereas Waech and Luner did suggest adding polymer before pigment they did not suggest 
this high degree of shear nor the use of bentonite and their process fed to an inevitable reduction in 
burst strength and other practice disadvantages, all of which are avoided in the invention. 
Whereas FI 67736 did mention the possibility of using bentonite, silica sol, or anionic organic polymer 

10 and did mention cation ic polyacrylamide, in the only example in which cationic polyacrylamide was added, 
colloidal silica was added before and after the polymer addition. The amount of cationic polyacrylamide 
would have been too low for the purposes of the present invention because of, inter alia, the prior addi- 
tion of colloidal silica. Also there was no suggestion that the polymer should be added to cause floocula- 
tion, the floes should be sheared to stable microflocs, and bentonite should then be added. 

15 Whereas unpublished WO86/05826 exemplifies a range of processes in which cationic polymer is 
stirred into pulp and synthetically modified silica sol is then added, that process presumably differs from 
the process of FI 67736 by the use of the special silica sol rather than colloidal silica or bentonite, 
whereas in the invention bentonite is essential and gives better results than the special sol. W086/05826 
does not suggest adding the cationic polymer before the centriscreen and the anionic component after 

20 the centriscreen. 

The process of the invention can be carried out on any conventional paper making apparatus. The thin 
stock that is drained to form the sheet is often made by diluting a thick stock which typically has been 
made in a mixing chest by blending pigment, appropriate fibre, any desired strengthening agent or other 
additives, and water. Dilution of the thick stock can be by means of recycled white water. The stock may 

25 be cleaned in a vortex cleaner. Usually the thin stock is cleaned by passage through a centriscreen. The 
thin stock is usually pumped along the apparatus by one or more centrifugal pumps known as fan pumps. 
For instance the stock may be pumped to the centriscreen by a first fan pump. The thick stock can be di- 
luted by white water to the thin stock at the point of entry to this fan pump or prior to the fan pump, e.g., 
by passing the thick stock and dilution water through a mixing pump. The thin stock may be cleaned fur- 

30 ther, by passage through a further centriscreen. The stock that leaves the final centriscreen may be 
passed through a second fan pump and/or a head box prior to the sheet forming process. This may be by 
any conventional paper or paper board forming process, for example flat wire fourdrinier, twin wire 
former or vat former or any combination of these, 
in the invention it is essential to add the specified synthetic polymer before the stock reaches the last 

35 point of high shear and to shear the resultant stock before adding the bentonite. It is possible to insert in 
the apparatus a shear mixer or other shear stage for the purpose of shearing the suspension in between 
adding the polymer and the bentonite but it is greatly preferred to use a shearing device that is in the ap- 
paratus for other reasons. This device is usually one that acts centrifugally. It can be a mixing pump but 
is usually a fan pump or, preferably, a centriscreen. The polymer may be added just before the shear 

40 stage that precedes the bentonite addition or it may be added earlier and may be carried by the stock 
through one or more stages to the final shear stage, prior to the addition of the bentonite. If there are 
two centriscreens then the polymer can be added after the first but before the second. When there is a 
fan pump prior to the centriscreen the polymer can be added between the fan pump and the centriscreen 
or into or ahead of the fan pump. If thick stock is being diluted in the fan pump then the polymer may be 

45 added with the dilution water or it may be added direct into the fan pump. 

Best results are achieved when the polymer is added to thin stock (i.e., having a solids content of not 
more than 2% or, at the most, 3%) rather than to thick stock. Thus the polymer may be added direct to the 
thin stock or it may be added to the dilution water that is used to convert thick stock to thin stock. 
The addition of the large amounts of synthetic polymer causes the formation of large floes and these 

50 are immediately or subsequently broken down by the high shear (usually in the fan pump and/or centris- 
creen to very small floes that can be termed stable microflocs. 

The resultant stock is a suspension of these stable microflocs and bentonite is then added to it The 
stock must be stirred sufficiently to distribute the bentonite throughout the stock. If the stock that has 
been treated with bentonite is subsequently subjected to substantial agitation or high shear this will tend 

55 to reduce the retention properties but improve still further the formation. For instance the stock con- 
taining bentonite could be passed through a centriscreen prior to drainage and the product will then have 
very good formation properties but possibly reduced retention compared to the results if the bentonite 
was added after that centriscreen. Because formation in the final sheet is usually good, in the invention, 
If the bentonite is added just before sheet formation, and because it is generally desired to optimise 

60 retention, it is usually preferred to add the bentonite after the last point of high shear. Preferably the 
polymer is added just before the final fan pump and/or final centriscreen and the stock is led, without ap- 
plying shear, from the final centriscreen or fan pump to a headbox, the bentonite Is added either to the 
headbox or between the centriscreen and the headbox, and the stock is then dewatered to form the 
sheet 

65 In some processes it is desirable to add some of the bentonite at one point and the remainder of the 
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bentonite at a later point (e.g., part immediately after the centriscreen and part immediately before drain- 
age, or part before the centriscreen or other device for applying the shear and part after). 

The thin stock is usually brought to its desired final solids concentration, by dilution with water, before 
the addition of the bentonite and generally before (or simultaneously with) the addition of the polymer but 

5 in some instances it is convenient to add farther dilution water to the thin stocK after the addition of the 

polymer or even after the addition of the bentonite. 

The initial stock can be made from any conventional paper making stock such as traditional chemical 
pulps, for instance bleached and unbleached sulphate or sulphite pulp, mechanical pumps such as 
groundwood, thermomechanical or chemi-thermochemical pulp or recycled pulp such as deinked waste, 

10 and any mixtures thereof. 

The stock, and the final paper, can be substantially unfilled (e.g., containing less than 10% and gener- 
ally less than 5% by weight filler in the final paper) or filler can be provided in an amount of up to 50% 
based on the dry weight of the stock or up to 40% based on the dry weight of paper. When filler is used 
any conventional filler such as calcium carbonate, clay, titanium dioxide or talc or a combination may be 

15 present The filler (if present) is preferably incorporated into the stock in conventional manner, before 
addition of the synthetic polymer. 

The stock may Include other additives such as rosin, alum, neutral sizes or optical brightening agents. 
It may include a strengthening agent and this can be a starch, often a cationic starch. The pH of the 
stock is generally in the range 4 to 9 and a particular advantage of the process is that it functions effec- 

20 tively at low pH values, for instance below pH 7, whereas in practice the Compozii process requires pH 
values of above 7 to perform well. 

The amounts of fibre, filler, and other additives such as strengthening agents or alum can all be con- 
ventional. Typically the thin stock has a sofids content of 0.2 to 3% or a fibre content of 0.1 to 2%. The 
stock preferably has a solids content of 0.3 to 1 .5% or 2%. 

25 The organic, substantially linear, synthetic polymer must have a molecular weight above about 
500,000 as we believe it functions, at least in part, by a bridging mechanism. Preferably the molecular 
weight is above about 1 million and often above about 5 million, for instance in the range 1 0 to 30 million or 
more. 

The polymer must be cationic and preferably is made by copolymerising one or more ethylenicafly un- 

30 saturated monomers, generally acrylic monomers, that consist of or include cationic monomer. 

Suitable cationic monomers are dialkyl amino alkyl -(meth) acrylates or -(meth) acrylamides, either as 
acid salts or, preferably, quaternary ammonium salts. The alkyl groups may each contain 1 to 4 carbon at- 
oms and the aminoalkyl group may contain 1 to 8 carbon atoms. Particularly preferred are dialkylaminoe- 
thyl (meth) acrylates, dialkylaminomethyl (meth) acrylamides and dialkylamino-1,3-propyl (meth) aciyla- 

35 mides. These cationic monomers are preferably copolymerised with a non-ionic monomer, preferably acr- 
ylamide and preferably have an intrinsic viscosity above 4 dl/g. Other suitable cationic polymers are 
polyethylene imines, polyamine epichiorhydrin polymers, and homopolymers or copolymers, generally 
with acrylamide, of monomers such as diallyl dimethyl ammonium chloride. Any conventional cationic syn- 
thetic linear polymeric flocculant suitable for use as a retention aid on paper can be used. 

40 The polymer can be wholly linear or it can be slightly cross linked, as described in EP 202 780, provid- 
ed it still has a structure that is substantially linear in comparison with the globular structure of cationic 
starch. — 

For best results the cationic polymer should have a relatively high charge density, for instance above 
02 preferably at least 0.35, most preferably 0.4 to 2.5 or more, equivalents of nitrogen per kilogram of 

45 polymer. These values are higher than the values obtainable with cationic starch having a conventional 
relatively high degree of substitution, since typically this has a charge density of below 0.15 equivalents 
nitrogen per kg starch. When the polymer is formed by polymerisation of cationic, ethylenically unsatu- 
rated, monomer optionally with other monomers the amount of cationic monomer will normally be above 2% 
and usually above 5% and preferably at least about 10% molar based on the total amount of monomers 

50 used for forming the polymer. 

The amount of synthetic linear cationic polymer used in conventional processes as retention aid, in the 
substantial absence of cationic binder, is (depending on the particular stock being used) typically be- 
tween 0.01 and 0.05% (dry polymer based on dry weight of paper), often around 0.02% (i.e. y 0.2 k/t). Low- 
er amounts can be used. In these processes no significant shear Is applied to the suspension after add- 

55 ing the polymer. If the retention and formation of the final paper is observed at increasing polymer dos- 
age ft is seen that retention improves rapidly as the dosage is increased up to, typically, 0.02% and that 
further increase in the dosage gives little or no improvement in retention and starts to cause deteriora- 
tion in formation and drying, because the overdosing of the flocculant results in the production of floes 
of increased size. The optimum amount of polymeric flocculant in conventional processes is therefore at 

60 or Just below the level that gives optimum retention and this amount can easily be determined by routine 
experimentation by the skilled mill operator. 

In the invention we use an excess amount of cationic synthetic polymer, generally 1.1 to 10 times, usual- 
ly 3 to 6 times, the amount that would have been regarded as optimum in conventional processes (namely 
the above quoted typical figure of 0.01 to 0.05%). Thus the amount is normally always above 0.03% 

65 (0,3 k/t). Adequate results can usually be achieved with dosages as low as this if the stock to which the 
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polymer is added already contains a substantial amount , e.g., 0.5%, cationic binder. However if the 
stock is free of cationic binder or only contains a small amount then the dosage of polymer will normally 
have to be more, usually at least 0.06% (0.6 k/t). This is a convenient minimum even for stocks that do 
contain a large amount of cationic binder. Often the amount is at least 0.08%. The amount will usually be 

5 below 0.5% and generally below 0.2% with amounts of below 0.15% usually being preferred. Best results 
are generally obtained with 0.06 to 0.1 2 or 0.15%. 

If cationic binder is present it will be present primarily to serve as a strengthening aid and Its amount 
wOI usually be below 1% t preferably below 0.5%. The binder may be starch, urea formaldehyde resin or 
other cationic strengthening aid. 

10 The use of the excess amount of synthetic polymeric fioccuiant is thought to be necessary to ensure 
that the shearing that occurs in the centriscreen or other shear stage results in the formation of micro- 
floes which contain or carry sufficient cationic polymer to render parts at least of their surfaces suffi- 
ciently cationicaliy charged. Surprisingly it is not essential to add sufficient cationic polymer to render 
the whole suspension cationic. Thus the Zeta potential of the stock can, prior to addition of the ben- 

15 tonite, be cationic or anionic, including for instance -25mv. It would normally be expected that the addi- 
tion of anionic bentonfte to a suspension having a significant negative Zeta potential (e.g., below -10 mv) 
would not give satisfactory results and U.S. 4 386 150 suggests that best results are achieved when the 
Zeta potential following the addition of the starch and the anionic silica approaches zero. The article by 
Luner also proposed neutralisation of the charges in the suspension by the polymer. 

20 Whether or not a sufficient excess of cationic polymer has been added (and presumably whether or 
not the resultant microflocs do have a sufficient cationic charge) can easily be determined experimental- 
ly by plotting the performance properties in the process, with a fixed amount of bentonfte and a fixed de- 
gree of shear, at various levels of polymeric addition. When the amount of polymer is insufficient (e.g., 
being the amount that gives optimum properties when added without bentonfte, after the last shear stage 

25 as in the norma) prior art) the retention and other properties are relatively poor and may be worse then 
those optimum properties. As the amount of polymer is gradually increased, in the invention, a significant 
increase in retention and other performance properties is observed, and this corresponds with the ex- 
cess that is desired in the invention. Further increase in the amount of fioccuiant, far beyond the level 
at which the significant improvement in performance occurs, is unnecessary and, for cost reasons, un- 

30 desirable. Naturally this test with the bentonite must be conducted after subjecting the flocculated sus- 
pension to very high shear so as to break it down to microflocs. As a result of having sufficient fioccu- 
iant these floes are sufficiently stable to resist further degradation during the shearing in the centris- 
creen or other shear stage. 
It Is essential in the invention to use a cationic polymer as the first component, rather than a non-ionic 

35 or anionic polymer and, as the second component, it is essential to use bentonite rather than any other 
anionic particulate material. Thus colloidal silica or modified colloidal silica gives inferior results and the 
use of other very small anionic particles or the use of anionic soluble polymers also gives very inferior 
results. 

The amount of bentonite that has to be added is generally in the range 0.03 to 0.5%, preferably 0.05 to 
40 0.3% and most preferably 0.08 or 0.1 to 0.2%. 

The bentonite can be any of the materials commercially referred to as bentonites or as bentonfte-type 
days, I.e., anionic swelling clays such as sepialite, attapuigite or, preferably, montmorillinite. The mont- 
morillinites are preferred. Bentonites broadly as described in U.S. 4 305 781 are suitable. 
Suitable montmorillonite clays include Wyoming bentonite or Fullers Earth. The days may or may not be 
45 chemically modified, e.g., by alkali treatment to convert caidum bentonite to alkali metal bentonite. 

The swelling days are usually metal silicates wherein the metal comprises a metal selected from alumini- 
um and magnesium, and optionally other metals, and the ratio silicon atomsimetal atoms in the surface of 
the day partides, and generally throughout their structure, is from 5:1 to 1:1. For most montmoriiionites 
the ratio is relatively low, with most or all of the metal being aluminium but with some magnesium and some- 
50 times with, for instance a little iron. In other swelling clays however some or all of the aluminium is re- 
placed by magnesium and the ratio may be very low, for instance about 1.5 In sepialite. The use of sili- 
cates in which some of the aluminium has been replaced by iron seems to be particularly desirable. 

The dry particle size of the bentonite is preferably at least 90% below 100 microns, and most prefera- 
bly at least 60% below 50 microns (dry size). The surface area of the bentonite before swelling is prefer- 
55 ably at least 30 and generally at least 50, typically 60 to 90, m 2 /gm and the surface area after swelling is 
preferably 400-800 m 2 /g. The bentonite preferably swells by at least 15 or 20 times. The partide size af- 
ter swelling is preferably at least 90% below 2 microns. 

The bentonfte Is generally added to the aqueous suspension as a hydrated suspension in water, typi- 
cally at a concentration between 1% and 10% by weight. The hydrated suspension is usually made by dis- 
60 persing powdered bentonite in water. 

The choice of the cellulosic suspension and its components and the paper making conditions may all be 
varied in conventional manner to obtain paper ranging from unfilled papers such as tissue, newsprint, 
groundwood specialities, supercaiendered magazine, highly filled high quality writing papers, fluting me- 
dium, liner board, light weight board to heavy weight multiply boards or sack kraft paper. 
65 The paper may be sized by conventional rosin/alum size at pH values ranging between 4 and 6 or by 



7 



EF0 235 893 B1 



the incorporation of a reactive size such as ketene dhner or alkenyl succinic anhydride where the pH 
conditions are typically between 6 and 9. 

The reactive size when used can be supplied as an aqueous emulsion or can be emulsified in situ at the 
mill with suitable emulsifiers and stabilisers such as cationic starch. 

5 Preferably the reactive size is supplied in combination with a polyelectrolyte in known manner. The 
size and the polyelectrolyte can be supplied to the user in the form of an anhydrous dispersion of the pol- 
yelectrolyte in a non-aqueous liquid comprising the size, as described in EP 141 641 and 200 504. Prefer- 
ably the polyelectrolyte for application with the size is also suitable as the synthetic polymeric retention 
aid in the invention in which event the size and all the synthetic polymer can be provided in a single anhy- 

10 drous composition of the polymer dispersed In the anhydrous liquid phase comprising the size. 

Suitable methods of making the anhydrous compositions, and suitable sizes, are described in those 
European specifications. The anhydrous dispersions may be made by formation of an emulsion of .aque- 
ous polymer in oil followed by dehydration by azeotroping in conventional manner and then dissolution of 
the size in the oil phase, with optional removal of the oil phase if appropriate. The emulsion can be made 

15 by emulsffication of an aqueous solution of the polymer into the oil phase but is preferably made by re- 
verse phase polymerisation. The oil phase will generally need to include a stabiliser, preferably an am- 
phipathic oil stabiliser in order to stabilise the composition. 
In the following examples the following polymers are used:- 

20 A: a copolymer formed of 70% be weight acrylamide and 30% dimethyl amlnoethyl acrylate 
quantemised with methyl chloride and having intrinsic viscosity (IV) 7 to 10. 

B: a copolymer of 90 weight % acrylamide and 10 weight % dimethyl amlnoethyl methacrytate having IV 
7to10. 

C: poiyethylenelmine (Polymin SK B.A.S.F.) 
25 D: polydiallyl dimethyl ammonium chloride 

E: a medium molecular weight copolymer of diallyl dimethyl ammonium chloride, acrylamide 70:30 IV of 
1.5 

F: a quatemised dimethylaminomethyl acrylamide copolymer with 50% acrylamide and having IV 1 .0 
G: a copolymer of 70% by weight acrylamide and 30% sodium acrylate, IV 12 
30 S: high molecular weight potato starch with high degree of cationic substitution 
CSA: colloidal silicic acid 
AMCSA: aluminium modified silicic acid 

The bentonite In each example was a sodium carbonate activated calcium montmorillonite. Examples 1 to 
35 3 are examples of actual paper processes. The other examples are laboratory tests that we have found 
to give a reliable indication of the results that will be obtained when the same materials are used on a milt 
with the polymer being added before the centriscreen (or the final centriscreen if there Is more than one) 
and with the bentonite being added after the last point of high shear. 

40 Example 1 

Three retention aid systems were compared on an experimental machine designed to simulate full scale 
modem papermaking machine conditions. In this, thick sized stock was mixed with white water from a wire 
pit and was passed through a mixing pump. The resultant thin stock was passed through a dearator and 
45 was then fed by a fan pump to a flow box, from which is was flowed on to the wire to form a sheet the 
drained water being collected in the wire pit and recycled. 

System (I) involved the addition of 0.03% Polymer A added just after the fan pump, he., after last 
point of high shear. 

System (II) involved the addition of 1.5% cationic starch just before mixing the stock with the white wa- 
50 ter, and 0.2% colloidal silica (the optimised Compozil System) just after the fan pump. 

System (111) Involved the addition of 0.15% Polymer A to the white water just before mixing with the 
stock, followed by 0.2% bentonite just after the fan pump, as a hydrated slurry. 

The performance of these systems was evaluated on stock consisting of 50% bleached birch and 50% 
bleached pine, with 20% CaC03, at 0.7% consistency and pH 8.0 sized with an aJkylketene dimer. 
55 The first pass retention values and the web dryness after the wet presses on machine were recorded 
in Table 1. 
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Table 1 

System Retention % Dryness % 

1 ii 42.75 

5 II 74 44.6 

Jll 92 45.75 

10 This clearly demonstrates the significant advantage of the invention (system III) compared to the two 
prior processes (systems I and II) both as regards retention and dryness. Although the increase in dry- 
ness is numerically relatively small commercially this difference is very significant and allows either an 
increase in machine speed and or decreased steam demand in the drying section. 

15 Example 2 

The process of Example 1 was repeated using a stock and retention aid systems II and III as described 
in Example 1 but under acid sizing conditions using rosin alum and tilted with china clay instead of CaCOs. 
The pH of the stock was 5.0. Addition points were as described in Example 1. 

20 



60 





Table 2 








System 


Retention % 


Dryness % 


25 


II 


84.0 


45.75 


111 


88.0 


46.60 



This dearly demonstrates the significant advantage of System III over the prior process (System II), 
30 both with regard to retention and web dryness after the presses. 

Example 3 

A full scale machine trial was carried out on a fourdrinier machine producing 19 t/hour of unbleached 
35 sack kratt In this process, thick stock was diluted with white water from a silo and the stock passed 
through a mixing pump and dearator to a second dilution point at which further white water was added to 
make the final thin stock. This stock was fed to four centriscreens in parallel, all discharging into a loop 
that lead to the headbox that supplied the screen. The thin stock contained 0.15% cationic starch as a 
strengthening aid and 1% cationic urea formaldehyde wet strength resin. Machine speed was 620 m/min. 
40 Polymer A dosage was 0.03% added to the white water at the second dilution point. The bentonite dos- 
age was 0.2% added to the thin stock either just before the centriscreens or in the loop after the centris- 
creens. The results are in Table 3. 



45 


Table 3 




Additive 


% Retention 




Nil 


82.2 




A + Bentonite before centriscreens 


86.8 


50 


A + Bentonite after centriscreens 


92.7 



65 



Under equilibrium running conditions using the retention aid system where the bentonite was added af- 
ter the centriscreens the couch vacuum was reduced by 30% and the drying steam demand by 10% com- 
pared to the system when the bentonite was added before the centriscreens. The mill reported no change 
in formation during the trial. 

These results clearly demonstrated the benefit of adding the bentonite after shear. 

Example 4 

Brttt Jar tests were carried out on a neutral sized stock consisting of birch (15%), spruce (30%), and 
55% broke with 25% added calcium carbonate filler (the percentages for the Initial solids in the stock in 
this and other examples are by weight of fibre). The stock had pH 8.0 and contained a conventional ket- 
one dimer sizing agent and 0.5 cationic starch S as a strengthening aid. 
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The shear condition of the Britt jar was adjusted to give a first pass retention in the region of 55-60% 
in the absence of the additive. Cationic polyacrylamide A (if used) was added to 500ml of thin stock 
(0.6% consistency) in a measuring cylinder. The cylinder was inverted four times to achieve mixing and 
the flocculated stock was transferred to the Britt Jar tester. The fiocs at this stage were very targe and 
5 were dearly unsuitable for production of paper having good formation or drying properties. The stock 
was sheared for one minute and then bentonite (if used) was added. Retention performance was ob- 
served. 

Laboratory drainage evaluations were also carried out on the same stock using a standard Schopper 
Reigler freeness tester. The machine orifice was plugged and time was measured for 500ml of white wa- 
10 ter to drain from 1 litre of the same stock treated as above. The results are shown in Table 4 below. 



15 



Tabie 4 


Test 


Polymer % 


Bentonite % 


% Retention 


Drainage (sees) 


1 


OA 


0 


56.9 


56 


2 


0.05 A 


0 


61.0 


41 


3 


0.1 A 


0 


61.4 


28 


4 


0.1 5 A 


0 


61.7 


25 


5 


0.1 A 


0.2 


63.7 


14 


6 


0.15 A 


02 


81.7 


7 



Comparison of tests 4 and 6 demonstrates the significant advantage from adding bentonite and com- 
25 parison of tests 5 and 6 shows the benefit of increasing the amount of polymer A to 0.15krt for this par- 
ticular stock. The sheared suspension in test 6 had a stable microfloc structure. The amount of polymer- 
ic in test 5 was not quite sufficient for a good structure using this particular stock. 



30 



35 



40 



Example 5 

The process of example 4 was repeated except that the stock was a conventional rosin alum sized 
stock having pH 5.5 and did not contain the cationic starch. The results are shown in Table 5. 

Table 5 



Polymer % 


Bentonite % 


Drainage (sees) 


0 


0 


117 


0.1 A 


0 


70 


0.15A 


0 


77 


0.1 A 


4 


31 


0.15 A 


4 


23 



45 



50 



A stock was formed as m Example 4 but did not contain the starch and was tested as In Example 4. The 
results are shown in Table 6. 
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Table 6 



5 



10 



15 



20 



Test 


Polymer % 


Inorganic Additive % 


% Retention 


1 


0 


0 


58 


2 


1S 


0 


58.4 


3 


0.55 


0.2 CSA 


77.8 


4 


1S 


0.2 CSA 


79.2 


5 


1 S 


0.4 Bentonite 


66.6 


6 


1S 


0.6 Bentonite 


69.5 


7 


0.15 B 


0.2 CSA 


70 


8 


0.15 B 


0.4 Bentonite 


83.0 


9 


0.15 A 


0.2 CSA 


70.8 


10 


0.15 A 


0 


62.3 


11 


0.15 A 


0.4 Bentonite 


84.2 


12 


0,05B + 0.5S 


0.4 Bentonite 


70.5 


13 


0.1 B + 0.5S 


0.4 Bentonite 


82.2 



Tests 3 and 4 are similar to the Compozii system and show the use of cationic starch followed by anion- 
ic colloidal silica Comparison of test 4 with tests 5 and 6 demonstrates that replacing the anionic colloi- 
25 da! silica with bentonite gives worse results. Similarly comparison of tests 3 or 4 with tests 7 or 9 shows 
that replacing the cationic starch with a synthetic fiocculant gives worse results. 

Comparison of tests 12 and 1 3 indicates that the amount of synthetic fiocculant in test 12 is inadequate. 
Tests 8, 11 and 13 demonstrate the excellent results obtainable in the invention. The advantage of the 
processes of the invention using bentonite (tests 8, 11, 13) over the use of colloidal silica (tests 7, 9) is 
30 apparent 



A stock was formed as in Example 4 but with no filler and was treated with polymer A before the shear- 
35 ing and with bentonite or specified filler after the shearing. The results are shown in Table 7. 



40 
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Table 7 



Test 


Polymer % 


Inorganic % 


Retention 
B/W Solids 


Drainage 
Time (sees) 


1 


0 


0 


1023 


33 


2 


0.1 A 


0 


705 


24 


3 


0.1 A 


0.05 Bentonite 


315 


10 


4 


0.1 A 


0.1 Bentonite 


205 


5 


5 


0.1 A 


0.2 Bentonite 


180 


5 


6 


0.1 A 


0.1 Clay 


710 


25 


7 


0.1 A 


0.1 CaCOa 


700 


25 


8 


0.1 A 


0.1TTO2 


740 


25 



This clearly demonstrates the superiority of the use of bentonite over other pigmentary fillers. Much 
55 better drainage values can be obtained by increasing the amount of clay, CaCOa or TiOg filler that is 
added after the polymer, but this is impractible and the sheet strength is reduced. 

60 Laboratory drainage evaluations were carried out as In Example 4 on a 0.5% stock comprised of 
bleached kraft (60%) bleached birch (30%) and broke (10%). The stock was sized with an alkenyl succin- 
ic anhydride size at pH 7.5. 

The treated stocks were prepared by adding the desired quantity of dilute polymer solution (0.05%) to 
1 litre of stock In a measuring cylinder. The cylinder was Inverted four times to effect mixing and trans- 

65 
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ferred to a beaker and sheared mechanically with a conventional propellor stirrer (1,500 rpm) for 1 
minute. 

After shearing, the stock was transferred bade to the measuring cylinder and bentonite as a 1% hy- 
drated slurry was added as required to give the appropriate dose. The cylinder was again inverted four 
5 times to effect mixing and transferred to the modified Schopper Reigler apparatus for drainage evalua- 
tion. 

In the cases where only polymer was added, the polymer treated stock was transferred to the Schop- 
per Reigler apparatus immediately after cylinder inversion and was not subjected to shear. 
A range of cationic polymers was evaluated at a constant dose level of 0.1% dry polymer on dry 
10 weight of paper. Table 8 shows the results achieved with and without further addition of bentonite. 



15 



20 
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Table 8 


Additive 


Drainage Time (sees) 




No Bentonite 


Bentonite Addition 0.2% 


Blank 


71 


68 


Polymer C 


35 


19 


Polymer D 


53 


32 


Polymer E 


46 


22 


Polymer F 


30 


12 



25 Clearly ail the polymers gave advantageous drainage benefits to the stock when added alone as sin- 
gle additions, but all show substantial further improvement when the polymer was added before shearing 
and bentonite is added after shearing. 

The size was provided initially as an anhydrous dispersion as described in EP 141641. For instance 
polymer E could be formulated into a dispersion as in examples 1 and 5 of that specification and the resuit- 

30 ant dispersion in oil could be dispersed into water, thereby dissolving the polymer and emulsifying the 
size, by use of an oil in water emulsifying agent, so as to form an aqueous concentrate that is then added 
to the celluiosic suspension. 

35 

Retention evaluations were carried out on a stock consisting of 60% Bleached Kraft, 40% Bleached 
Birch and 10% Broke with 20% added calcium carbonate. The stock consistency was 0.7% and a pH of 
8.0. 

The retention evaluation was carried out using the Britt Dynamic Drainage Jar using the following pro- 
40 cedure:- 

The first component, (cationic starch or cationic polyacrylamide) was added to a 1 litre measuring cylin- 
der containing starch. The cylinder was inverted four times to effect mixing and transferred to the Britt 
Jar. The treated stock was sheared for 1 minute at a stirrer speed of 1500 rpm. The second component 
was then added (bentonite or polysilicic acid), the stirrer speed was immediately reduced to 900 rpm and 
45 mixing continued for 10 seconds. Drainage was allowed to start and the drained white water was collect- 
ed, filtered and weighed dry. The total first pass retention was calculated from the 

The results are shown in Table 9. 

50 
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Table 9 





Test 


Polymer % 


lnoigante% 


% Retention 


mm 

5 


1 


NO 


Nil 


65 


2 


0.1 A 


ND 


81 




3 


0.1 A 


0.15 CSA 


85.4 




4 


0.1 A 


0.2 CS A 


85.9 


10 


5 


0.1 A 


0.3 CSA 


86.2 


6 


0.1 A 


0.2 Bentonite 


93.3 


• 


7 


0.5 S 


0.15 CSA 


66.2 




8 


0.1 s 


0.15 CSA 


88.2 


15 


9 


0.5 S 


0.2 Bentonite 


79.5 




10 


0.1 S 


0.2 Bentonfte 


81.2 



20 Comparison of tests 3 to 5 with test 2 shows that the late addition of colloidal silica does improve the 
retention and so, as indicated in W086/05826, some benefit does follow from the addition of colloidal sili- 
ca after synthetic linear polymer. However comparison of test 6 with tests 3 to 5 shows that bentonite 
gives very much better results than colloidal silica in these circumstances. 
Comparison of tests 7 and 8 with tests 9 and 10 shows that when using cationic starch instead of a syn- 

25 thetic polymer colloidal silica gives better results. These results confirm the requirement in the Compozfl 
process for using colloidal silica and suggest that a synergic effect exists between the cationic polymer 
and bentonite, but not between cationic starch and bentonite. 

Example 10 

30 

Drainage times were recorded as in Example 4 on a stock formed of 50% bleached birch, 50% 
bleached kraft with 20% added calcium carbonate and having pH 7.5. In test 1 neither polymer nor partic- 
ulate additive was added. In tests 2 to 15 and 0.1% of Polymer A was added before the shearing. In tests 
3 to 16 the specified amounts of various anionic additives were added. In tests 14 0.2% bentonite was 
35 added but, instead of using Polymer A, 0.1% non-ionic polymer was used in test 14 and 0.1% anionic poly- 
mer was used in test 15. In test 1 6 polymer A and bentonite were added simultaneously before the shear- 
ing. The results are in Table 1 0. 



40 Table 8 

Test Anionic Additive . Drainage Time (sees) 

1 NIL 56 

2 NIL 34 
45 3 0.2% Bentonhe 6 

4 0.2% CSA 12 

5 10% China Clay 9 

6 10%Kieselguhr 21 
60 7 0.5% alkaJi-sweliable polyacrylic aqueous emulsion 30 

8 0.1% alkali-swellable poly acrylic aqueous emulsion 42 

9 1% water-swellable polyacrylamide dispersion In oQ 20 
55 10 0.5% water-swellable polyacrylamide dispersion in oil 25 

1 1 0.2% water-swellable polyacrylamide dispersion in oil 23 

12 1% sodium polyacrylate cmssflnked fines 27 

13 1% polyacrylamide crosstinked fines 40 
60 14 0.2% bentonfte (after non-ionic) 52 

15 0.2% bentonite (after anionic) 54 

16 0.2% bentonite (simultaneous) 30 
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This confirms that Bentonite has unique properties compared to other organic and inorganic anionic 
materials or colloidal silicic acid, provided it is added after the flocculated system has been sheared be- 
fore the addition of bentonite. 

5 Example 1 1 

Retention tests were carried out using the Britt jar tester. Thin stock containing 20% china clay was 
placed in the Britt jar and 0.1% Polymer A was added. This was then sheared at 1000 rpm for 30 seconds. 
02% bentonite was added and after allowing 5 seconds for mixing the test was carried out 
10 The procedure was repeated except 20% clay was added at the end instead of the 0.2% bentonite. 

Standard 100 gsm sheets were prepared using the above two systems. Retention and Burst strength 
were recorded and results are shown in Table II. 



Table 11 



Additives 


% Retention 


Burst Strength KPA 


20% china day + 0.1% Polymer A + 0.2% bentonite 


79.0 


197 


0.1% Polymer A + 20% china clay 


76.0 


99 



20 

This shows that although the late addition of high levels of china clay can give reasonable retention re- 
sults compared to the bentonite, it has a dramatic bad effect on sheet strength. 

Example 12 

25 

Laboratory evaluations were carried out to compare different modes of addition of the polymer when 
using retention aid System 111 of Example 2. 

Samples of thick stock and Whitewater were obtained from a mill producing publishing grade papers 
from bleached chemical pulps filled with calcium carbonate and sized with alkylketene dimer size. 
30 Thick stock consistency was 3.5% and the white water was 0.2%. The thick stock and white water 
were combined proportionately to give a thin stock consistency of 0.7%. 

Laboratory retention evaluation were carried out using a Britt Dynamic Jar Tester as follows:- 

For the control without any retention aid, thick stock and white water were combiend in the Britt Jar 
and sheared for 30 seconds at 1000 rpm. When the polymer was added to thick stock, the flocculated 
35 thick stock was sheared for 30 seconds at 1000 rpm. After addition of the white water, further mixing 
was carried out for 5 seconds at 1000 rpm followed by the bentonite additions which was mixed for a fur- 
ther 5 seconds before testing. When the polymer was added to the white water this was sheared lor 30 
seconds at 1000 rpm followed by addition of thick stock, this was then mixed for a further 5 seconds be- 
fore bentonite addition which as before was mixed for 5 seconds before testing. The results obtained are 
40 shown in Table 12. 

Polymer A dosage used was 0.2% and Bentonite dosage was 0.2%. 





Table 12 




45 


Order of Addition 


% Retention 




Thick stock + White water 


50.9 




Thick stock + White water + Polymer A + Bentonite 


70.5 




Thick stock + Polymer A + White water + Bentonite 


56.5 


50 


White water + Polymer A + Thick Stock + Bentonite 


71-4 



This shows the benefit of adding the polymer to the thin stock, or to the dilution water for the thin 
stock, in preference to adding the polymer to thick stock. 

55 

Example 13 

Aluminium modified silicic acid sol AMCSA was prepared by treatment of colloidal silicic add with sodi- 
um aluminate according to W086/0526 (AMCSA). It was compared at two pH values with CSA and ben- 
60 tonite, after Polymer A, as follows. 

The paper making stock was prepared from bleached kraft (50%), bleached birch (50%) and beaten to 
45°SR, and diluted to 0.5% consistency. The thin stock was split into two portions. The pH of one portion 
was &8, and hydrochloric acid was added to the other portion to adjust the pH to 4.0. 

600 mis of stock was added to a Beritt jar and 0.5% solution of polymer A added to give a dose level of 
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0.1% dry polymer on dry paper. The flocculated thin stock was sheared for 60 seconds at 1500 rpm In the 
Brttt jar after which the contents were transferred to a 1 litre measuring cylinder and the anionic compo- 
nent was added. The cylinder was inverted four times to achieve mixing and the contents were trans- 
ferred to a Schopper Reigler apparatus where the machined orifice had been blocked. The time for 400 
mis to drain was recorded. 
The results are shown in Tables 13 and 14. 



Table 13 


Stock pH 6.8 








Polymer A 


Anionic 


Anionic 


Time 


Dose% 




Dose% 


(seconds) 


0 




• 


75 


0.1 






47 


0.1 


AMCSA 


0.1 


19 


0.1 


AMCSA 


0.2 


18 


0.1 


AMCSA 


0.4 


23 


0.1 


CSA 


0.1 


20 


0.1 


CSA 


0.2 


18 


0.1 


CSA 


0.4 


23 


0.1 


Bentonite 


0.2 


7 



Table 14 


Stock pH 4.0 








Polymer A 


Anionic 


Anionic 


Time 


Dose% 




Dose% 


(seconds) 


0 






73 


0.1 






47 


0.1 


AMCSA 


0.1 


22 


0.1 


AMCSA 


0.2 


17 


0.1 


AMCSA 


0.4 


19 


0.1 


CSA 


0.1 


33 


0.1 


CSA 


0.2 


27 


0.1 


CSA 


0.4 


23 


0.1 


Bentonite 


0.2 


7 



This shows that aluminium modified colloidal silicic acid (AMCSA) prepared according to W086/05826, 
performs as well as colloidal silicic acid (CSA) described in U.S. 4,388,150 at pH 6.8, but performs bet- 
ter than colloidal silicic acid (CSA) at pH 4.0. The results show that Bentonite performs significantly bet- 
ter than either CSA or AMCSA at both pH values. The results demonstrate the synergism that exists 
specifically between cationic synthetic polymers and bentonite when the stock is sheared after the poly- 
mer addition. 

Example 14 

The effect of addition of soluble anionic polymer Q instead of bentonite In the retention aid system was 
evaluated in the laboratory on a stock consisting of bleached chemical pulps, calcium carbonate and 
alkylketene dimer size. Both retention and drainage tests were carried out 

Retention tests were carried out using a Britt Dynamic Jar. The required amount of Polymer A was 
added to 500 mis of thin stock and sheared In the Britt Jar at 1000 rpm for 30 seconds. This was followed 
by the addition of bentonite or Polymer Q at the appropriate dose level and after allowing 5 seconds for 
mixing the test was carried out 

Vacuum drainage tests were carried out by taking thick stock and treating it as above but after mixing 
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in the bentontte or polymer the stock was transferred into a Hartley funnel Utted wWi a fKter paper. The 
Hartley Funnel was attached to a conical flask fitted with a constant vacuum source. The time was then 
recorded for the stock to drain under vacuum until the pad formed on the fitter paper assumed a uniform 
matt appearance corresponding to removal of excess water. 
Results are as shown in Table 1 5. 



10 



15 



Table 15 



Additive 


% Retention 


Vacuum Drainage Time 






(seconds) 


NH 


70.8 


80 


0.1% Polymer A + 05% Bentonite 


95.8 


€ 


0.1% Polymer A + 0.1% Polymer G 


88.4 


26 


0.1% Polymer A + 0.2% Polymer G 


88.4 


30 


0.1% Polymer A + Zero 


84.8 


14 



20 The addition of the anionic Polymer G only slightly improves the retention and has an adverse effect 
on drainage compad to Polymer A on its own. Polymer A followed by bentonite was significantly more ef- 
fective with regard to both retention and drainage. 

Claims 

25 

1. A process in which paper or paper board is made by forming an aqueous cellulosic suspension, 
passing the suspension through one or more shear stages selected from cleaning, mixing and pumping 
stages, draining the suspension to form a sheet and drying the sheet and in which the suspension that is 
drained includes organic polymeric material and inorganic material, characterised in that the inorganic 

30 material comprises bentonite which is added to the suspension after one of the said shear stages, and 
the organic polymeric material comprises a substantially linear synthetic cationlc polymer having molecu- 
lar weight above 500,000 which is added to the suspension before that shear stage in an amount which is 
at least 0.03% by weight based on the dry weight of the suspension and which is such that fiocs are 
formed by the said addition of the polymer and the said fiocs are broken by the shearing for form micro- 

35 fiocs that resist further degradation by the shearing and that carry sufficient cationic charge to interact 
with the bentonite to give better retention than is obtainable when adding the polymer alone after the last 
point of high shear. 

2. A process according to claim 1 in which the said amount of the substantially linear synthetic cationic 
polymer is above 0.03%, based on the dry weight of the suspension, when the suspension contains at 

40 least 0.5% cationic binder or above 0.06% when the suspension is free of cationic binder or contains 
cationic binder in an amount of not more than 0.5%. 

3. A process according to either preceding claim in which the said high molecular weight polymer is 
added before the last point of high shear and the said bentonite is added after the last point of high 
shear. 

45 4. A process according to any preceding claim in which the one or more shear stages are selected 
from centrlscreens, fan pumps and mixing pumps. 

5. A process according to any preceding claim in which the one or more shear stages comprises a cen- 
triscreen, the synthetic polymer is added to the suspension before the centriscreen and the bentonite is 
added after the centriscreen. 

50 6. A process according to any preceding claim in which the synthetic polymer is a cationic polymer se- 
lected from polyethylene imine, polyamine epichlorhydrin products, polymers of dlaliyt dimethyl ammonium 
chloride, and polymers of acrylic monomers comprising a cationic acrylic monomer. 

7. A process according to any preceding claim in which the synthetic polymer is added in an amount of 
from 0.06 to 0.2% by weight based on the dry weight of the suspension. 

55 8. A process according to any preceding claim in which the bentonite is added as a hydrated suspen- 
sion obtained by dispersing powdered bentonite in water. 

9. A process according to any preceding claim in which the bentonite is added in an amount of from 
0.03 to 0.5% by weight based on the dry weight of the suspension. 

10. A process according to any preceding claim in which the suspension that is dewatered is substan- 
60 tiaOy free of filler or includes filler substantially all of which was added before the synthetic polymeric 

material 

11. A process according to any preceding claim in which the synthetic polymer Is a cationic polymer 
having intrinsic viscosity above 4 dl/g and formed from acrylic monomers comprising cflalkylamlnoalkyl 
(meth)-acrylate or -acrylamide (as acid or quaternary salt). 

65 
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12. A process according to any preceding dalm in which the cationic polymer has a cationic charge 
density of 0.35 to 2.5 equivalents of nitrogen per kilogram polymer. 

13. A process according to any preceding claim in which a reactive size is incorporated in the aqueous 
suspension. 

5 14. A process according to claim 13 in which the synthetic polymer and the reactive size are provided 
as a dispersion of substantially anhydrous particles of the polymer in a substantially anhydrous oil 
phase comprising the size and this dispersion is mixed into water 

15. A process according to claim 1 comprising forming an aqueous ceilulosic suspension selected from 
suspensions that are substantially unfilled or that contain filler, cleaning the suspension by passage 

10 through a centriscreen, draining the suspension to form a sheet and drying the sheet, and in which 0.03 
to 0.2% synthetic, substantially linear synthetic cationic polymer Is added to the suspension before the 
centriscreen and 0.03 to 0.5% bentonite is added after the centriscreen, and in which the synthetic poly- 
mer is selected from polyethylene imine, polyamine epichlorhydrin products, polymers of oMyl tfmethyl 
ammonium chloride, and polymers of acrylic monomers comprising a cationic acrylic monomer, the per- 

15 centages being by weight based on the dry weight of the suspension. 

16. A process according to any preceding claim in which the suspension has a solids content of below 
about 2% at the time the polymer is added to the suspension. 

PatentansprGche 

20 

I . En Verfahren, in welchem Papier oder Pappe durch Ausbilden einer wasserigen Zellulosesuspensi- 
on, DurchfOhren der Suspension durch eine oder mehrere Scherstufen, ausgewahlt unter Reinigungs-, 
Misch- und Pumpstufen, Entwassem der Suspension zur Ausbildung einer Bahn und Trocknen der 
Bahn hergestellt wird, und worin die Suspension, die entwassert wind, organisches Poiymermateriai und 

25 anorganisches Material enthalt, dadurch gekennzeichnet, daB das anorganische Materia) Bentonit um- 
faBt, der nach einer der genannten Scherstufen zu der Suspension zugesetzt wird, und das organische 
Poiymermateriai ein im wesentiichen lineares synthetisches kationisches Polymer mit einem Molekularge- 
wicht von Qber 500.000 umfaBt, das zu der Suspension vor jener Scherstufe in einer Menge zugesetzt 
wird, die wenigstens 0,03 Gew.-%, bezogen auf das Trockengewicht der Suspension, betragt und derart 

30 1st daB durch die genannte Zugabe des Polymers Rocken gebiidet werden, und diese Rocken durch das 
Scheren unter Ausbildung von Mikroflocken aufgebrochen werden, die einem weiteren Abbau durch 
das Scheren widerstehen und ausreichend kationische Ladung tragen, urn m'rt dem Bentonit in eine Wech- 
selwirkung zu treten und eine bessere Retention zu ergeben, als sie erhaitlich 1st, wenn das Polymer al- 
lein nach der letzten Stelle mit hoher Schereinwirkung zugesetzt wird. 

35 2. Verfahren nach Anspruch 1, worin die genannte Menge des im wesentiichen linearen kationlschen 
Polymers Qber 0,03 Gew.-%, bezogen auf das Trockengewicht der Suspension, betragt, wenn die Sus- 
pension wenigstens 0,5% kationisches Bindemittel enthalt, Oder Qber 0.06% betragt, wenn die Suspensi- 
on frel von kationischem Bindemittel ist oder kationisches Bindemittel in einer Menge von nicht mehr als 
0,5% enthalt 

40 3. Verfahren nach jedem vorstehenden Anspruch, worin das genannte hochmolekuiare Polymer von 
der letzten Stelle mit hoher Schereinwirkung zugesetzt wird und der genannte Bentonit nach der letzten 
Stelle von hoher Schereinwirkung zugefOgt wird. 

4. Verfahren nach einem der vorstehenden AnsprQche, worin die eine oder die mehreren Scherstu- 
fen ausgewahlt sind unter Centriscreen- Vonichtungen, Zerrtrifugalpumpen und Mischpumpen. 

45 5. Verfahren nach einem der vorstehenden AnsprQche, worin die eine Oder die mehreren Scherstu- 
fen eine Centriscreen-Vomchtung umfassen, das synthetische Polymer vor der Centriscreen-Vorrich- 
tung zu der Suspension zugesetzt wird und der Bentonit nach der Centriscreen-Vorrichtung zugesetzt 
wird. 

6. Verfahren nach einem der vorstehenden AnsprQche, worin das synthetische Polymer ein kationi- 
50 sches Polymer ist, ausgewahlt unter Polyethylenlmin, Polyaminepichlorhydrinprodukten, Polymeren von 

Diaiiyldimethylammoniumchlorid und Polymeren von Acryimonomeren, die ein kationisches Acrylmonomer 
umfassen. 

7. Verfahren nach einem der vorstehenden AnsprQche, worin das synthetische Polymer in einer 
Menge von 0,06 bis 0,2 Gew.-%, bezogen auf das Trockengewicht der Suspension, zugesetzt wird. 

55 8. Verfahren nach einem der vorstehenden AnsprQche, worin der Bentonit als eine hydratisierte Sus- 
pension, die durch Dispergieren von pulverfdrmigem Bentonit in Wassser erhalten worden ist, zuge- 
setztwird, 

9. Verfahren nach einem der vorstehenden AnsprQche, worin der Bentonit in einer Menge von 0,03 
bis 0,5 Qew.-%, bezogen auf das Trockengewicht der Suspension, zugesetzt wird. 
60 10. Verfahren nach einem der vorstehenden AnsprQche, worin die Suspension, die entwassert wird, 
im wesentiichen frei von FOlistoff ist oder einen Fulistoff enhalt, der im wesentiichen zur Ganze vor dem 
synthetischen Poiymermateriai zugesetzt worden ist. 

II. Verfahren nach einem der vorstehenden AnsprQche, worin das synthetische Polymer ein kationi- 
sches Polymer mit einer Intrisic-Viskositat von Qber 4 dl/g ist und aus Acryimonomeren gebiidet ist, die 

65 Diaikylaminoalkyi (meth)acrylat oder -acrylamid (als Saure oder quatemares Salz) umfassen. 
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12. Verfahren nach elnem der vorstehenden AnsprOche, worin das katlonische Polymer eine kationi- 
sche Ladungsdichte von 0,35 bis 2,5 Aquivalente Stickstoff je kg Polymer aufweist 

13. Verfahren nach einem der vorstehenden AnsprOche, worin ein reaktionsffihiger Leim in die w&Bri- 
ge Suspension eingebracht wird. 

5 14. Verfahren nach Anspruch 13, worin das synthetische Polymer und der reaktionsfihige Leim als ei- 
ne Dispersion von im wesentlichen wasserfreien Teilchen des Polymers in einer im wesentiichen wasser- 
freien, den Leim enthartenden Olphase eingesetzt werden und diese Dispersion in Wasser eingemischt 
wird. 

15. Verfahren nach Anspruch 1, umfassend ein Ausbilden einer wdftrigen Zellulosesuspension, ausge- 
10 wShlt unter Suspensionen, die im wesentlichen ungefOIlt sind Oder die FQllstoff enthalten, Reinigen der 

Suspension durch Durchleiten durch eine Centriscreen-Vomchtung, Entwassem der Suspension zur 
Ausbildung einer Bahn und Trocknen der Bahn, und in welchem Verfahren 0,03 bis 0,2% synthetisches, 
im wesentlichen lineares synthetisches kationisches Polymer zu der Suspension vor der Centriscreen- 
Vorrichtung zugesetzt werden und 0,03 bis 0,5% Bentonit nach der Centriscreen-Vorrichtung zuge- 
15 setzt werden, und in welchem Verfahren das synthetische Polymer ausgew&hlt wird unter Polyethylen- 
imin, Polyaminepichlorhydrinprodukten, Poiymeren von Diallyldimethylammonfumchlorid und Polymeren 
von Acrylmonomeren, die ein kationisches Acrylmonomer enthalten, wobel die Prozents&tze Ge- 
wichtsprozentsatze, bezogen auf das Trockengewicht der Suspension, sind. 

16. Verfahren nach einem der vorstehenden AnsprOche, worin die Suspension einen Feststoffgehalt 
20 von unter etwa 2% zum Zeitpunkt der Zugabe des Polymers zur Suspension aufweist 

Revendications 

1. Un proc&te dans lequel on fabrique un papier ou un carton en formant une suspension cetluloslque 
25 aqueuse, en faisant passer la suspension k travers un ou plusieurs stades de cisaillement choisis parmi 

des 6tapes de nettoyage, de ntelange et de pompage, en ggouttant la suspension pour former une feuilte 
et en s6chant la feuilie et dans lequel la suspension qui est 6gouttee contient une matters polynrtere orga- 
nique et une matfere inorganique, caracterisS en ce que la matfere inorganique comprend de la bentonite 
qui est ajoutee k la suspension apr&s Pun desdrts stades de cisaillement et la mattere polym&re organique 

30 comprend un polym&re cationique syntttetique pratiquement Iin6aire ayant un poids moteculaire supSrieur 
k 500 000 qui est ajoute k la suspension avant ce stade de cisaillement en quarrtrte d'au molns 0,03% en 
poids par rapport au poids sec de la suspension et qui est telle que des fiocs sont fomtes par ladite addi- 
tion du poiymdre et lesdits floes sont bris6s par le cisaillement pour former des microflocs qui insistent k 
une degradation ulterieure par le cisaillement et qui portent une charge cationique sufflsante pour agir 

35 mutueliement sur ia bentonite pour donner une retention meflleure que celle qui peut §tre obtenue lorsque 
Ton ajoute le polymfere seul apr&s le dernier point de cisaillement 6lev6. 

2. Un proc£d6 selon la revendication 1 , dans lequel ladite quantity du polym&re cationique syntftetique 
pratiquement Iin6aire est supSrieure k 0,03%, par rapport au poids sec de la suspension, lorsque la sus- 
pension contient au moins 0,5% de liant cationique ou plus de 0,06% lorsque la suspension est exempte 

40 de liant cationique ou contient un liant cationique en quantity de pas plus de 0,5%. 

3. Un proc6d§ selon i'une ou I'autre des revendications ptec§dentes, dans lequel ledit poiym6re de 
haut poids moteculaire est ajoute avant le dernier point de cisaillement 6lev6 et ladite bentonite est ajou- 
tee apr&s le dernier point de cisaillement 6lev6. 

4. Un prac6d§ seton I'une quelconque des revendications pnScGdentes, dans lequel le ou les stades 
45 de cisafllement sont choisis parmi les tamis centrifuges, les pompes centrifuges et les pompes ntelangeu- 

ses. 

5. Un proc6d6 selon Tune quelconque des revendications pr6c6dentes, dans lequel le ou les stades 
de cisaillement comprennent un tamis centrifuge, le polymdre syntitetique est ajoute k la suspension 
avant le tamis centrifuge et la bentonite est ajoutSe aprds le tamis centrifuge. 

50 6. Un proc£d6 selon Tune quelconque des revendications pr&tedentes, dans lequel le polyntere syn- 
tftetique est un pofymdre cationique choisi parmi la polydthylfeneimine, les produits d'addition polyamine- 
6plchtorhydrine, les polynteres de chlorure de dialtyldimdthylammonium et les polym&res de monomdres 
acryiiques comprenant un monontere acrylique cationique. 

7. Un procScte selon i'une quelconque des revendications prSctedentes, dans lequel le polym&re syn- 
55 th6tlque est ajoute en quarrtite de 0,06 k 0,2% en poids par rapport au poids sec de la suspension. 

8. Un proc6d6 selon Tune quelconque des revendications pr6c£dentes, dans lequel la bentonite est 
ajoutee sous forme d'une suspension hydratee obtenue en dispersant de la bentonite pulv6ris6e dans 
Feau. 

9. Un proc6d6 selon Tune quelconque des revendications pr6c6dentes, dans lequel la bentonite est 
60 ajoutee en quantite de 0,03 k 0,5% en poids par rapport au poids sec de la suspension. 

10. Un proc£d6 selon Tune quelconque des revendications pr6c£dentes, dans lequel la suspension qui 
est d6shydratee est totalement exempte de charge ou contient une charge dont la presque totalrte a 6te 
ajoutee avant la matfere polyrrtere syntrtetique. 

11. Un proc6d6 selon Tune quelconque des revendications pr£c6dentes, dans lequel le polynrtere syn- 
65 th&ique est un porym&re cationique ayant une viscosrte intrinsfcque sup6rieure k 4 dl/g et fornte de mo- 
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nomeres acryflques comprenant un (meth)acrylate de dialkylaminoalkyle ou un dialkylamino- 
a!kyf(m6th)acrytamide (sous forme de sel d'acide ou de sel quatemaire). 

12. Un proc&te selon Tune quelconque des revendications precedentes, dans leque! le polymere catio- 
nlque a une density de charge cationique de 0,35 a 2,5 equivalents d'azote par kilogramme de polymere. 

5 13. Un precede selon I 'une quelconque des revendications precedentes, dans lequel une coiie cTencol- 
lage reactive est incorporee dans la suspension aqueuse. 

14. Un procede selon la revendication 13, dans (equel le polymere syntheHque et la colle reactive sorrt 
foumis sous forme d'une dispersion de partlcules pratiquemerrt anhydres du polymere dans une phase 
huileuse pratiquemerrt anhydre comprenant la colle et cette dispersion est melangee dans I'eau. 

10 15. Un procede selon la revendication 1 consistant a former une suspension cellulosique aqueuse chof- 
sie parml les suspensions qui sont pratiquemerrt sans charge ou qui contiennent une charge, a epurer la 
suspension par passage a travers un tamis centrifuge, a egoutter la suspension pour former unefeuflle 
et a sScher la feuilie, et dans lequel on ajoute a la suspension 0,03 a 0,2% de polymere cationique synthe* 
tique pratiquemerrt lineaire avant le tamis centrifuge et 0,03 a 0,5% de bentonite apres le tamis centri- 

15 fuge et dans lequel le polymere synthetique est choisi parmi la poly6thyleneimine, les prodults cfaddition 
polyamine-dpichlorhydrine, les polymeres de chlorure de diailyldimethyiammonium et les polymeres de mo- 
nomeres acryiiques comprenant un monomere acrylique cationique, les pourcentages 6tant en potds par 
rapport au poids sec de la suspension. 
16. Un procede selon Tune quelconque des revendications precedentes, dans lequel la suspension a 

20 une teneur en solides inferieure a environ 2% au moment ou le polymere est ajoute k la suspension. 
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